BROADBAND RAMAN AMPLIFIER 



The present invention relates to optical amplifiers and in 
particular to wide bandwidth optical amplifiers. The 
present invention is particularly applicable to Raman 
amplifiers . 

Raman amplification is considered- to be particularly 
suitable for use in wideband and ultra wideband optical 
amplifiers, for example used in wavelength division 
multiplexing transmission systems. The reason for this is 
that, unlike Erbium doped fibre amplifiers, gain can be 
provided at a predetermined range of wavelengths by 
choosing a suitable pump wavelength. In addition, Raman 
amplification can be distributed along a transmission 
fibre, giving an improved optical signal-to-noise ratio, 
lower signal launch power and therefore longer 
transmission distances without requiring further 
amplification and/or repetition. 

However one drawback is that for a Raman amplifier using a 
single pump wavelength only, the gain profile of the 
amplifier is far from flat. Typically the gain profile 
will be a curve with a peak at the wavelength chosen for 
maximum amplification. Often it is desirable for the 
amplifier to operate adequately over a range of 
wavelengths and so in order to improve the flatness of the 



amplifier gain profile over a wide range of wavelengths, 
several pump sources may be used. 

Figure 1 shows a prior art wideband Raman optical 
amplifier. In Figure 1, a signal to be amplified is input 
to fibre 2. In addition, pump radiation is provided to 
fibre 2 through the signal and pump coupler 4. The 
resulting amplified signal is output on fibre 6. N 
different pump sources (generally indicated 8) are 
provided and each pump source produces pump radiation of a 
different wavelength from the other pump sources i.e. pump 
radiation of wavelengths XI, X2, X3 .... >tN are provided. 
All the sources of pump radiation are fed to a multiplexer 
10 which multiplexes the pump sources and transmits the 
resulting wideband wavelength pump radiation to the signal 
and pump coupler 4. In this way, signals travelling on 
the fibre connected to the signal coupler 4 may be 
amplified. 

This solution is based on the assumption that the Raman 
gain which results from these multiple pumps is close to 
the superposition of the Raman gains which would result 
from the use of each of the pump sources individually. 
Therefore, by choosing appropriate pump wavelengths, 
powers and taking into account interpump amplification a 
reasonably flat gain profile can be achieved over a 
predetermined wavelength band. 



However this solution has a number of drawbacks mainly 
resulting from the fact that more than one pump source is 
required. Firstly, pumps are expensive components and 
secondly the inclusion of a number of pumps will 
substantially increase the size of the amplifiers. Also 
the use of a number of pumps will increase the pump 
driving current requirements, which can be particularly 
restrictive where the amplifier is for use in submarine 
fibre optical cable systems where the line current has to 
be kept reasonably low. Furthermore, in systems where 
higher reliability is needed, the number of redundant 
pumps included may be as high as the number of working 
pumps which in turn exaggerates the problems of cost, size 
and complexity for the amplifier. 

The present invention aims to provide a pump laser for 
Ramon amplification which mitigates some or all of these 
problems . 

Accordingly, in a first aspect, the present invention 
provides a wide bandwidth, gain flattened Raman amplifier 
including a laser source of pump radiation, and means for 
producing from the pump source a plurality of wavelengths 
of pump radiation including means for providing adjustable 
optical feedback to the pump source at a plurality of 
radiation wavelengths. Alternatively, instead of or in 
addition to the means for providing adjustable optical 



feedback, the invention may include means for independent 
power control of each wavelength. 

The amplifier may include a coupler for coupling the pump 
radiation into the signal fibre and may include the fibre 
(which can be the transmission fibre) where the 
amplification takes place. 

Thus by producing multiple wavelength pump radiation from 
a single pump source, the number of pump sources which 
need to be provided can be reduced. Preferably only one 
pump source is included although in some circumstances 
more than one pump source may be provided with each pump 
source producing a plurality of different wavelengths of 
pump radiation. Also further pump source (s) may need to 
be provided for the purposes of redundancy. 

Preferably the means for producing the pump radiation 
includes one or more reflectors, for example gratings. 
Preferably each reflector produces optical feedback to the 
pump at one wavelength and the characteristics of the 
reflectors are selected such that each reflector produces 
optical feedback at an appropriate wavelength, typically 
different to the wavelengths produced by the other 
reflectors . 



Preferably the amplifier includes control means for 
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„ay be aete«ined or alternatively control .eans .ay .e 
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variable level, of attenuation ,or even a plurality of 
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„av Of example with reference to the accompanying 
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ngure 1 is a schematic diagram of a prior 
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, is a third embodiment of an optical 
Figure 4 is a cnxj. 

nresent invention, 
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.igure . IS a schematic diagram showing an e^odi.ent of 
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the present invention in generic terms. A multiple 
wavelength pump (generally indicated by numeral 50) 
consists of a laser diode 52 coupled to a partial coupler 
54 which is in turn coupled to means for providing 
adjustable optical feedback 56 under the control of 
control means 58. In use, as has been previously 
described, the means 56 is used to produce from the laser 
pump source 52 a plurality of wavelengths of pump 
radiation which may then be coupled to an amplifier 60 (not 
shown in Figure 4) . 

The above embodiments are given by way of example only and 
variations will be apparent to those skilled in the art. 



